Next-generation sequencing (NGS) methods are widely available to assess 37 methylation of whole-genomes, reduced representation of genomes, and target capture 38 of many loci, but simple, flexible, and low-cost methods are needed to leverage NGS for 39 sequencing single-locus amplicons from large numbers of samples. We developed a 40 two-stage PCR approach, targeted gene bisulfite sequencing (TGBS) which uses the 41 Illumina MiSeq and Bismark bisulfite mapper, to assess site specific changes in 42 methylation of the cyclin-dependent kinase inhibitor p21 (CDKN1a) after exposure to a 43 DNA methyltransferase inhibitor, 5-aza-2'-deoxycytidine (5-Aza) and determine the 44 differences between human and rat p21 methylation. TGBS analysis of human 45 embryonic kidney cells (HEK293) and human proximal tubular cells (hPT) demonstrated 46 variation at a known methylation sensitive site (SIE-1), but not in rat kidney cells. 47
Introduction 59
Next-generation sequencing (NGS) methods are widely used because they 60 reduce the cost and time of data acquisition, enabling approaches such as whole-61 genome bisulfite sequencing (WGBS) 1 . The Illumina platform provides major 62 advantages over the other existing technologies for DNA sequencing in general 2 and is 63 widely used for WGBS, reduced representation methylation sequencing 3 , and a variety 64 of methods that target large numbers of loci (Supplementary Table S1 ). Single-locus 65 DNA methylation analysis has traditionally been performed using cloning and Sanger 66 sequencing 4, 5 , but this method is labor intensive, time-consuming, and yields relatively 67 low amounts of data 6 . NGS has replaced most applications that require large-scale 68 cloning 2 . However, because most NGS methods have a high buy-in cost 7 , and most 69 single-locus methylation analyses do not need huge amounts of data, the traditional 70 cloning and Sanger bisulfite sequencing method is still commonly used. 71
Herein, we explain the work flow, kits, and optimized conditions suitable for the 72 Illumina MiSeq and Bismark bisulfite mapping program to provide researchers with an 73 all-in-one place user-friendly guide to targeted bisulfite sequencing. We discuss free 74 software, such as Bismark, and focus on drastically reducing the time and cost of 75 analysis. We also discuss Sanger sequencing and compared the data with NGS output. 76
Our goal is to introduce the readers, especially those without NGS and/or bioinformatics 77 support or experience, to the required instructions for affordable bench techniques and 78 easy to reproduce sequence analysis tools, so that they can achieve cost-and time-79 efficient analysis. 80
Model System: DNA methylation adds methyl groups to the 5-carbon position of 81 cytosine residues in the CpG dinucleotide context in multicellular eukaryotes. Being an 82 epigenetic mark, the process doesn't alter the core DNA sequence; however, depending 83 on the location, it can regulate gene expression 8 . In general, promoter hypermethylation 84 downregulates or silences gene expression 9 . Aberrant DNA methylation patterns in 85 many genes have also been identified and correlated to the phenotypes of many 86 cancers 10, 11, 12, 13 . One such gene is p21 (CDKN1a), a cyclin-dependent kinase (CDK) 87 inhibitor observed to be silenced in many cancer by aberrant DNA methylation, as seen 88 in metastatic prostate cancer, lung cancer and lymphomas 14, 11, 15, 16 . 89
Large -omic based approaches yield excellent data on DNA methylation, but 90 tend to be hypothesis generating studies describing hundreds, if not thousands of 91 genes. Our previous research used omic-based approaches to identify p21 as target 92 gene for renal protection and the data suggested a role for DNA methylation in 93 regulation of p21
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. Thus, we needed a high-throughput technique to analyze DNA 94 methylation at the p21 promoter after exposure to various toxicants. A lack of validated 95 high-through-put, rapid and robust approaches to assess gene targeted DNA 96 methylation prompted us to develop the targeted gene bisulfite sequencing (TGBS) 97 methodology. We used 5-Aza treatment because it has been previously shown to 98 decrease methylation of p21 promoter 10, 18, 19 when assessed with traditional assays. We 99 also used TGBS to investigate differences in DNA methylation between the promoter 100 regions of human and rat p21 genes. released from the plate following treatment using trypsin/EDTA and 5x10 6 cells were 129 collected for DNA isolation. 130 hPT cell isolation procedure was based on that originally described by Todd et 131 al.
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, modified 24, 25 , and reported in Huang et al. 26 . Briefly, sterile conditions (i.e., all 132 instruments and glassware were autoclaved, and all buffers were filtered through a 0.2-133 μm pore-size filter) were used. Renal cortex and outer stripe were cut into slices, 134 washed with sterile PBS, minced, and the pieces were placed in a trypsinization flask 135 filled with 300 ml of sterile, filtered Hanks' buffer, containing 25 mM NaHCO 3 , 25 mM 136 HEPES, pH 7.4, 0.5 mM EGTA, 0.2% (w/v) bovine serum albumin, 50 μg/ml gentamicin, 137 1.3 mg/ml collagenase, and 0.59 mg/ml CaCl 2 , which was filtered prior to use. Whole 138 kidneys were perfused with Wisconsin or similar type medium and kept on ice until they 139 arrived at the laboratory, which was usually within 24 h of removal from the donor. All 140 buffers were continuously bubbled with 95% O 2 / 5% CO 2 and were maintained at 37°C. 141
Minced cortical pieces from whole kidneys were subjected to collagenase digestion for 142 60 min, after which the supernatant was filtered through a 70-μm mesh filter to remove 143 tissue fragments, centrifuged at 150 x g for 7 min, and the pellet suspended in 144 ) were pelleted at 1000 rpm for 5 min and the supernatant was 148 discarded. Genomic DNA was extracted using the Qiagen's DNeasy blood and tissue kit7 following the manufacturer's protocol. DNA was eluted in two successive steps to obtain 150 a maximum yield, using 120 µl followed by 40 µl of elusion buffer. Following 151 quantification using a Nanodrop spectrophotometer, 2 µg of the extracted DNA was 152 bisulfite treated using the Zymo Research's EZ-DNA methylation lightning kit following 153 the manufacturer's protocol, and re-quantified. 154
Target amplification and purification 155
Bisulfite converted DNA (350 ng) was used to amplify different regions of the p21 156 promoter. The locus specific primers were designed using Methprimer 27 speedbeads. An equal ratio of speedbeads to the sample pool were vortexed and 210 placed on the magnet and incubated at room temperature for 10 min. Once the beads 211 were drawn to the magnet, the supernatant was discarded. The beads were washed 212 with 80% ethyl alcohol twice and the residual liquid was removed by absorption using a 213 wooden toothpick. DNA was then eluted using TLE buffer (10 mM Tris pH 8 & 0.1 mM 214 EDTA) and supernatant collected. The pooled and cleaned sample was then processed 215 for sequencing on an Illumina MiSeq platform as described by Glenn et with short products allowed for manual extraction of methylation values for comparison 262 across samples and treatments. A processing report was generated using the command"bismark2report" that summarized the process with a read alignment chart, methylation 264 extraction report and an M-bias plot. 265
VirtualBox with ready-to-run Bismark package 266
VirtualBox is an open source software that runs on various operating systems 267 and supports various guest operating systems 38 . The path to download a ready-to-run 268
VirtualBox package containing all the tools and installations required for DNA 269 methylation analysis of a given fastq sequence file is indicated below. The package 270 includes step-by-step instructions for running Bismark, which is a Linux software, in a 271
VirtualBox on Windows host system. This can be found at 272 "http://toxicology.uga.edu/resources/dna_methylation_analysis/" for the VirtualMachine 273 named "TGBS" that can be accessed with the username "user" and password 274 "TGBSKolli". The instructions are detailed in the Supplementary File. 275
Statistics 276
Samples isolated from a distinct cell passage represented one experiment (n=1). 277
Data are represented as mean ± SEM (standard error of the mean) from at least three 278 separate experiments (n=3). An unpaired Student's t-test was used to compare two 279 groups using Graphpad PRISM considering p<0.05 indicative of a statistically significant 280 difference between the mean values. 281
Results and Discussion 282

Sanger vs next-generation bisulfite sequencing 283
Normal rat kidney (NRK) cells were treated with 40 µM 5-Aza as a positive 284 control, or its vehicle control (DMSO) for 72 hrs as previously described 39 . The extracted 285 13 DNA was subjected to bisulfite conversion and the rp21-coding region was amplified 286 using the primers described in Table 1 To address the variation among clones assayed by Sanger sequencing, we 296 sequenced the same rp21-coding region on the Illumina MiSeq platform using TGBS. 297
The gel purified 350 bp products were subjected to limited cycle PCR to attach the iTru5 298 and iTru7 primers with unique index combinations for each sample. All the samples 299 were pooled, purified and then sequenced using the 600 cycle v3 kits. An average of 300 about 10,000 reads were obtained per sample, hence increasing the statistical power of 301 analysis 40 as compared to the Sanger sequencing. The data from Bismark's text file 302 outputs were compiled together and the percent DNA methylation changes were 303 displayed using heat-maps ( Figure 3B) . The methylation status of this coding region did 304 not change after treatment with 5-Aza, suggesting that the coding region is not one of 305 the key components in epigenetic regulation of p21 expression. Nevertheless, in 306 addition to being derived from about 10,000 reads per sample, the data showed 307
Differential methylation analysis 309
Differences in basal DNA methylation of the p21 promoter region between human 310 and rat kidney cells 311
We used TGBS to assess differences in basal DNA methylation between 312 human and rat p21 promoters isolated from HEK293 and NRK cells. This included 313 analysis of a 350 bp upstream fragment of the human p21 promoter adjacent to the 314 transcription start site (hp21-TSS) and a 250 bp upstream fragment of the rat p21 315 promoter near the transcription start site (rp21-TSS). The data showed differences in 316 methylation between the two cell lines with an average of 16.4% at the rp21-TSS site 317 and 0.8% at the hp21-TSS site (Figure 4A-B) , suggesting species-dependent 318 differences in basal methylation of the p21 promoter region at the TSS. This is a critical 319 point as it further suggests that epigenetic changes in rat genes cannot be used as a 320 surrogate for human genes, a key consideration in using epigenetics in rats to infer 321 changes in human genes. 322 
Advantages of TGBS 362
Currently, over 90% of the world's sequencing data is produced using Illumina 363 technologies. Thus, it is expected that Illumina sequencing is beginning to see more 364 application in the field of epigenetics. As such, various Illumina instruments are used to 365 produce bisulfite DNA methylation data including MiSeq, HiSeq and NextSeq 366 instruments. WGBS requires high numbers of reads per sample (e.g., ≥ 1 million reads), 367 but because these are distributed across the genome, the read depth per nucleotide is 368 relatively low (e.g., . To our knowledge this is the first report 390 demonstrating the methylation of specific DNA bases within p21 promoter that are 391 altered by 5-Aza exposure. We also used this technique to demonstrate differences in 392 the basal promoter methylation between rat and human p21. These data also allowed 393 us to compare HEK293 cells to freshly isolated human proximal tubule cells. A 394 significant difference in basal DNA methylation was observed between the two cell 395 types. However, the implication of these difference in terms of cellular function or 396 response to pathological stimuli, or toxicant exposure has yet to be investigated. 397 The iTru R1 or iTru5 fusion sequence was synthesized on the 5' end of each of the four forward primers and the iTru R2 or iTru7 fusion sequence was synthesized on the 5' end of each of the four reverse primers. 
